C u r r e n t l i t e r a t u r e in bacteriology r e v e a l s much p r o t e s t concerning the inadequacy of the definition of the taxon"species.'' T h e r e i s often the implicit assumption that f o r some ill-defined r e a s o n the p h r a s e " s p e c i e s of bacteria" does not connote quite the s a m e concept a s does "species" in o t h e r a r e a s of biology, such a s botany and zoology. The r e a s o n s f o r t h i s c u r r e n t assumption need to be explored and, i f possible, a workable definition of "species" in b a c t e r i a developed.
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---------C u r r e n t l i t e r a t u r e in bacteriology r e v e a l s much p r o t e s t concerning the inadequacy of the definition of the taxon"species.'' T h e r e i s often the implicit assumption that f o r some ill-defined r e a s o n the p h r a s e " s p e c i e s of bacteria" does not connote quite the s a m e concept a s does "species" in o t h e r a r e a s of biology, such a s botany and zoology. The r e a s o n s f o r t h i s c u r r e n t assumption need to be explored and, i f possible, a workable definition of "species" in b a c t e r i a developed.
Bacteriology differs f r o m the other two biological disciplines, botany and ZoOlogyJ in some of i t s basic approaches to taxonomy, p a r t i c u l a r l y those significant in classification.
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Differences and likenesses based upon physiological c h a ra c t e r s s o prominent in s y s t e m a t i c bacteriology a r e little emphasized by botanists and zoologists. Botanists who deal with vascular plants and zoologists who study the nonmicroscopic f o r m s of animals r a r e l y emphasize physiology o r physiological c h a r a c t e r s in t h e i r descriptions of species. Occasionally t h e r e i s included some reference to habitat. Irritability, t a x e s , movement, o r other physiological c h a ra c t e r i s t i c s , a r e noted. N o specific requirement that s p e c i e s of a n i m a l s and plants m u s t be delineated exclusively by the u s e of morphology i s to be found in either the botanical o r zoological codes of nomenclature.
To make s y s t e m a t i c bacteriology m o r e definitely scientific, to put in o r d e r our ideas a s to the meaning of each of the four c a t e g o r i e s o r levels of taxa, m o s t important in classification, we need f u r t h e r t o define, insofar a s i s possible, what constitutes the c o r r e c t nomenclature f o r t h e s e taxa when defined.
In other w o r d s , we should formulate p r a c t i c a l and useful concepts of the meaning of genus, spec i e s , subspecies and infrasubspecific f o r m s .
Fundamentally, in a l l t h r e e biological disciplines, the ultimate unit in taxonomy i s the individual, though the b a s i c unit is the species.
The meaning of individual r e q u i r e s some consideration. The International Code of Nomenclat u r e of the B a c t e r i a and V i r u s e s (Principle 7) s t a t e s :
"Every individual i s t r e a t e d a s belonging to a number of categories of consecutive rank and consecutively subordinate. Of t h e s e the species i s the b a s i c one." Somewhat s i m i l a r definitions a r e to be found a l s o in other nomenclatural codes.
The development of a workable definition of a b a c t e r i a l species n e c e s s i t a t e s consideration of whether in s y s t e m a t i c bacteriology t h i s e l e m e n t a r y taxon, the individual, can be a s readily defined a s in m o s t a r e a s in botany and zoology. We find upon analysis that the query, "What i s a n individual?" among the b a c t e r i a i s r a t h e r m o r e complex than might be anticipated. F r o m a p r a c t i c a l , and a l s o f r o m a scientific, point of view, t h e r e a r e s e v e r a l definitions o r conceptsof the taxon "individual" apparently made n e c e s s a r y by difference s in b a c t e r i a l morphology. P a r t i c u l a r l y noteworthy i s the fact that in general classification of b a c t e r i a i s based On: Tue, 11 Dec 2018 22:00:52
upon populations a s well a s upon morphology of individuals. Living c u l t u r e s r a t h e r than h e r b a r i u m o r m u s e u m m a t e r i a l a r e e s s e n t i a l .
The following include the m o r e i m p o r t a n t a s s u m p t i o n s m a d e i n c u r r e n t l i t e r a t u r e a s to the meaning of the t e r m "individual" i n bacteriology:
1.
.

4.
5. An individual f r o m a p r a c t i c a l point of view i s a p u r e culture of a m i c r o o r g a n i s m . P e r h a p s b e t t e r it should be defined a s a s t r a i n which i s perpetuated in p u r e culture. It m a y be a p u r e culture of n u m b e r s 2 , 3 , and 4 defined above. 
It may be noted that some of the above definitions do some violence to the root meaning of "individual," i. e . , something that cannot be resolved into lower viable units.
T h e r e a r e two approaches t o the determination of " r e l ationship" among microorganisms. One i s that of ancestry, that i s , of phylogeny, in which individuals (pure culture) a r e placed together in a species i f they have the same immediate ance s t ry.
Microorganisms apparently closely r e sembling each other may be isolated f r o m different habitats, perhaps one in Europe and the other in Australia. We cannot a s s u m e that they have any immediate common ancestry, however much they a r e alike.
We know f r o m fossil remains that bacteria w e r e associated with fossil animals and plants. We may make some conjectures a s to general relationships to present living f o r m s on the basis of morphology of the fossil remains and, in some c a s e s , evidences of the kinds of changes which they produced in their environments.
The alternative to classification by phylogeny usually employed i s to a s sume that relationship between individuals can be determined by critical evaluation of r e semblances and differences, with no definite statement that such r e l ationship i s phylogenetic r a t h e r than phenetic.
A widely accepted definition of species, utilizing the c r i t e r i a of like and unlike, i s one proposed by Mayr. It reads:
"Species a r e groups of actually o r potentially i n t e rbreeding populations which a r e reproductively isolated f r o m other such groups. I t Has M a y r ' s definition application to the circumscription of bacterial s p e c i e s ? The discovery in recent y e a r s that c e rtain bacteria, at l e a s t , have one o r m o r e mechanisms which make possible the t r a n s f e r of genes f r o m one cell toanother has resulted in a r a s h of attempts to use the interbreeding definition just given in definition of bacterial species. One must recognize, however, that M a y r ' s definition of i n t e rbreeding a s applied in zoology implies the existence of two sexes and of true sexual reproduction. As commonly recognized in higher plants and animals, t r u e sexual reproduction involves meiosis. The parasexual passage of genes of bact e r i a does not involve m e i o s i s , hence is not strictly i n t e rbreeding. This type of gene t r a n s f e r will undoubtedly have
significance in bacterial taxonomy, but just how i t may be used has not as yet been adequately demonstrated in p r a ctice. Simpson has stated quite clearly with reference to the definition of species quoted above that "the taxonomist can apply it with little difficulty to at least nine-tenths, perhaps even m o r e , of the animals t o be classified," but he warns, "it does not apply even in principle to temporarily sequential species o r to species of uniparental organisms.'' He notes for special, but very common, c a s e s the "genetical definition i s simply irrelevant'' and, again, "it remains t r u e that t h e r e a r e obligate uniparental o r g a n i s m s , including some animals that m u s t be classified. It i s further t r u e that students of those animals recognize among them groups that s e e m t o be the s a m e s o r t of things a s species in biparental animals, and they a r e also called species and named a s such. They obviously cannot be genetical species by the accepted definition, and in fact Dobzhansky (1937) has insisted that t h e r e cannot be a species category f o r uniparental organisms." Simpson characterized the Dobzhansky conclusion a s a misapprehension and i n s i s t s that t h e r e should be recognized "an evolutionary species category.. . that i s fully congruent with the genetical (biparental) species. ' I Ravin (1960) gives a m a s t e r l y summary of the problem in Bacteriological Reviews.
If species of bacteria a r e to be recognized, and it i s assumed that this i s essential, we can rely only in very limited fashion on phylogeny. In spite of certain glowing preliminary advertising nothing has yet appeared that profoundly effects bacterial taxonomy.
It s e e m s that we must still use the species concept, "A species is a group of related individuals."
Obviously utilit a r i a n i s m r e q u i r e s that we a s s e s s relationships on the b a s i s of resemblances and differences.
In biological taxonomy, i t has long been recognized that the selection of one individual o r specimen (the so-called type specimen) in each species with which comparison of other individuals could be made was not only desirable but imperative. The nomenclatural codes of all t h r e e biological disciplines a g r e e that the type method involves d i r e c t comparison of the specimen being investigated with the type specimen. Theoretically, at l e a s t , a species can therefore be defined a s including all individuals sufficiently closely related to the type specimen. H e r b a r i a , museums, insect On: Tue, 11 Dec 2018 22:00:52
collections and, we m a y hope, microbiological type culture collections, a r e the r e p o s i t o r i e s of t e n s of thousands of types useful in identification of specimens and f o r the j u s t ification of recognition of new s p e c i e s . The u s e of t h e type concept in bacteriology w a s f i r s t applied to the taxonomy of genera. That g e n e r a of b a c t e r i a could be m o s t helpfully defined by the designation of a type s p e c i e s f o r e a c h genus was recognized during the f i r s t decade of the 20th century. One group which emphasized the importance of such designation w a s the Committee on Taxonomy of the Society of A m e r i c a n Bacteriologists. This committee and i t s s e v e r a l m e m b e r s designated the type s p e c i e s f o r many of the better-known g e n e r a of bacteria. In s h o r t , a genus in bacteriology m a y , f r o m a p r a c t i c a l point of view, be defined a s including i t s type s p e c i e s together with the s p e c i e s deemed sufficiently closely r e l a t e d on the b a s i s of r e s e m b l a n c e s and differences t o be included in the genus. But the t a s k of defining the b a c t e r i a l taxa by m e a n s of typification h a s lagged far behind the p r o g r e s s in the other two biological disciplines, botany and zoology.
The r e a s o n f o r t h i s unfortunate lag i s quite c l e a r . The type s p e c i m e n of the s p e c i e s of one of the higher plants, of i n s e c t s , of m o s t a n i m a l s , can be kept in s a t i s f a c t o r y shape f o r c o m p a r i s o n e i t h e r by drying o r by u s e of a p p r o p r i a t e p r e s e r v a t i v e s . T h i s i s s o m e t i m e s , but r a r e l y , t r u e of the b a c t e r i a . C e r t a i n of the s p e c i e s of the o r d e r Myxobacterales produce relatively l a r g e fruiting bodies (myxangia) which m a y be d r i e d and p r e s e r v e d indefinitely.
The s p e c i m e n s p r e p a r e d by Dr. Thaxter of H a r v a r d over 60 y e a r s ago a r e s t i l l u s a b l e , and, in some c a s e s , have been designated a s type specimens. But this kind of a type specimen i s the r a r e exception. Dried specimens of m o s t b a c t e r i a a r e p r a c t i c a l l y u s e l e s s a s types of species.
In g e n e r a l , i t s e e m s that the only practicable type specim e n f o r m o s t b a c t e r i a i s a p u r e c u l t u r e , which m a y be maintained indefinitely without significant change in i t s c h a r a c t e r s .
It m a y often be lyophilized and, when used f o r c o m p a r i s o n , m a y again be grown in suitable culture m e d i a . In p r a c t i c e , then, in bacteriology in m o s t c a s e s the type specimen of a s p e c i e s i s a living culture of a s t r a i n .
A living culture i s one which i s growing o r which i s capable of growth. Subcultures f r o m the type culture c a n be m a d e indefinitely, a type culture can be multiplied. While On: Tue, 11 Dec 2018 22:00:52
t h e r e a r e s o m e inherent difficulties, a g r e a t advantage in bacteriology is that the type can be r e p l i c a t e d and widely distributed.
Anyone wishing t o study the type can do s o without difficulty once i t h a s been designated and p r e s e r v e d .
Technically, one can s c a r c e l y designate e a c h of the r e pl i c a t e d culture s f r o m the o r i g i n a l type culture as t h e m s e l v e s type c u l t u r e s . The a p p r o p r i a t e terminology might p e r h a p s be "a subculture of the type s t r a i n of the Bacillus subtilis. I ' K r a l , i n the l a t t e r p a r t of the 19th century and the f i r s t decade of the 20th century, attempted to bring together p u r e c u l t u r e s of n a m e d o r g a n i s m s f r o m v a r i o u s l a b o r a t o r i e s and a c t in h i s l a b o r a t o r y in P r a g u e a s a c e n t e r f o r t h e i r d i s t r ibution. Culture collections w e r e l a t e r maintained in m a n y u n i v e r s i t i e s and bacteriological l a b o r a t o r i e s .
I m p o r t a n t c u l t u r e collections such as those of the fungi and b a c t e r i a of the o r d e r Actinomycetales a t B a a r n i n the N e t h e r l a n d s , that of the L i s t e r Institute in London, and the A m e r i c a n Type Culture Collection in Washington c a m e into existence. In s o m e c a s e s they w e r e n a m e d Type Culture Collection though i n relatively few i n s t a n c e s have a l l the c u l t u r e s ( s t r a i n s ) maintained and distributed been s t r i c t l y eligible f o r the d e signation type s t r a i n s o r type c u l t u r e s . In r e c e n t y e a r s , howe v e r , the tendency to e m p h a s i z e the maintenance of t r u e type and neotype c u l t u r e s h a s been emphasized.
A type c u l t u r e collection without t r u e type s t r a i n s i s like a Bureau of Stand a r d s without s t a n d a r d s . The need i s now well recognized.
T h e o r e t i c a l l y , we should be able t o define e a c h s p e c i e s of b a c t e r i a by a n adequate and complete d e s c r i p t i o n of the type s t r a i n with the added notation of the differences t o be found i n o t h e r s t r a i n s believed t o be sufficiently closely r elated. The s p e c i e s , in o t h e r w o r d s , m u s t include not only the type s t r a i n but a l s o closely r e l a t e d s t r a i n s .
The g r e a t drawback to the u s e of t h i s definition of a s p ec i e s i s t h a t the s p e c i e s boundaries m u s t always be d e t e rmined subjectively by the taxonomist concerned. Actually the judgments of the qualified taxonomists in s p e c i e s d elimitation have proved to be s u r p r i s i n g l y good. The i n e scapable fact i s that d e c i s i o n s a s t o the allocations, however m u c h the taxonomist wishes to be objective, a r e in r e a l i t y subjective. Is it possible to m a k e the decision a s t o r e l ationship on the b a s i s of g r e a t e r objectivity?
The c u r r e n t i n t e r e s t i n n u m e r i c a l taxonomy s e e m s likely to bring a t l e a s t a p a r t of the a n s w e r .
